In an earlier paper (Resnekov, 1962), the effects of valvular incompetence on the nomal dye dilution curve were described. This paper deals with the effects of intracardiac shunts on the normal dye curve. Broadbent et al. (1951) have shown that with a left-to-righit shunt, the peak concentration is lower than would be expected for the amount of dye injected (Fig. 1) , the disappearance slope is prolonged, and systemic recirculation of blood and dye causes an absence of the normal secondary peak of dye concentration. The appearance and build-up times are normal. The prolongation of the disappearance slope is only partly related to the cardiac output and cannot be used alone in the diagnosis of a left-to-right shunt. Broadbent and Wood (1954) have suggested that if the ratio of the disappearance to build-up time is calculated, the variation of the disappearance time with the cardiac output is no longer important and, further, the ratio will correlate with the volume of a leftto-right shunt as long as this is at least 35 per cent of the total pulmonary artery flow. With a right-to-left shunt as shown by Swan, Zapata-Diaz, and Wood (1953) , there is a shortened appearance time (Fig. 2) , a hump on the build-up slope, and the peak concentration is less than would be expected for the amount of dye injected. The build-up slope is thus divided into two separate fractions, for blood and dye arrives at the sampling point via two routes-the right-toleft element completely by-passing the lungs to arrive first, and the remainder following closely in the normal way.
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With a right-to-left shunt as shown by Swan, Zapata-Diaz, and Wood (1953) , there is a shortened appearance time (Fig. 2) , a hump on the build-up slope, and the peak concentration is less than would be expected for the amount of dye injected. The build-up slope is thus divided into two separate fractions, for blood and dye arrives at the sampling point via two routes-the right-toleft element completely by-passing the lungs to arrive first, and the remainder following closely in the normal way. Swan et al. (1953) consider that each component of the curve can be expressed as a right-angled triangle (Fig. 3) , the two sides of which are the build-up time (BT) and maximal concentration (MC). The area of each triangle can be calculated, and hence the proportion of dye passing through the shunt will be given by A+ t X 1,0
Al'+A" xlO where a z represents the right-to-left element that by-passes the lungs to arrive first at the sampling site, and A' the volume of blood and dye that has passed normally through the pulmonary circulation and left side of the heart. (Fig. 4) , the appearance time is shortened. There is a hump on the build-up slope, the peak concentration is lower than would be expected for the amount of dye injected, and the disappearance slope is prolonged. There is also an absence of the normal secondary peak of dye concentration.
Dye dilution curves thus appear to be a simple and rapid means of diagnosing and localizing intracardiac shunts, and it is the purpose of this paper to assess the use of the method in actual practice. Dye curves were drawn using Coomassie blue (I.C.I.), 0'5-1 0 mg./kg. body weight, injected into one or more chambers of the heart or into the great vessels via a cardiac catheter. An ear oximeter based on the design of Wood and Geraci (1949) was used, and the reduced output from its red cell was led to a chopper amplifier and pen recorder (Cambridge Instruments Limited). The sensitivity of the amplifier was such that curves of 8-10 cm. peak concentration were obtained.
The cause and direction of the shunt in the 70 patients studied is listed in Table I . 
RESULTS
There was evidence clinically and at cardiac catheterization of a left-to-right shunt in 50 patients. Ten had a right-to-left shunt, and a bidirectional shunt was present in the remaining ten.
Of the left-to-right shunts 40 gave diagnostic dye dilution curves, but in the remaining 10 the curves were either normal or the abnormality was so slight that no conclusion could be reached. The relevant details of these 10 patients are set out in Table II. Right-to-left Shunt. In 2 out of the 10 cases the curves could not be interpreted owing to considerable oxygen swing which resulted in a very unstable base line.
Localization of a right-to-left shunt is one of the chief uses of dye dilution technique when applied to right heart catheterization. In 3 out of the 10 cases the level of the shunt as diagnosed by dye group.bmj.com on November 8, 2017 -Published by http://heart.bmj.com/ Downloaded from DYE DILUTION CURVES AND INTRACARDIAC SHUNTS dilution curves was apparently shown to be at atrial level, but at operation all three were shown to have a ventricular septal defect. This point is illustrated in Fig. 6 . Bidirectional Shunt. All 10 cases gave diagnostic curves, and the site of the shunt was correctly placed in each. DISCUSSION There is no doubt that dye dilution curves will provide very useful information in congenital heart disease. The technique has, however, certain limitations which must be stressed.
It is essential that a satisfactory recording device is used, and unless the high degree of amplification of the small output of the photoelectric cell is accompanied by a corresponding high degree of stability, the curve will be of little diagnostic value.
Coomassie blue has proved satisfactory as an indicator dilution substance. As long as the 2 per cent solution is used and the total dosage does not exceed 400 mg., toxic reactions should not occur. As already described (Resnekov, 1962) we have had only 3 toxic reactions in over 400 injections and in these three, a total of more than 500 mg. had been injected. Toxic reactions consist of nausea and vomiting, but a profound fall of systemic pressure may also occur; this happened in one of our patients. Staining of the skin does not occur with Coomassie blue. The short-lived blue colour that may be seen after injection is due to colouring of the plasma, and the dye is quickly excreted mainly in the bile (Taylor and Thorp, 1959 553 in obtaining satisfactory curves in patients with considerable oxygen desaturation. In practice the dose of Coomassie blue may be increased, the sensitivity of the amplifier reduced, and a satisfactory curve obtained (Taylor and Shillingford, 1959) . This is illustrated in Fig. 7 To overcome variations in reduced hmmoglobin interfering with light absorption of dyes in the red region of the spectrum, workers at the Mayo Clinic introduced indocyanine green (Fox et al., 1957) which has a peak light absorption at 800 m,u. This is the iso-electric point of the spectrum where oxyhmmoglobin and reduced hmmoglobin transmit light equally.
For the recording of dye curves using indocyanine green only the infra-red sensitive photocell is used; consequently the method is sensitive to changes in the optical density of blood that may be produced by variations in the rate of blood flow, additions of non-isotonic solutions, and variation in carbon dioxide tension (Fox and Wood, 1960) . Furthermore the dye is not stable in aqueous solution and consequently has to be prepared just before injection. It is only poorly soluble in saline, but once dissolved in distilled water saline can be added to make the solution isotonic without risk of precipitation of the dye.
Our experience has been that dye dilution curves during right heart catheterization are of little help in the diagnosis of left-to-right shunts. A small left-to-right shunt may not be shown up on the curve. In general, unless the shunt is 40 per cent of the total pulmonary flow an equivocal curve may result. Nevertheless, in 4 out of the 50 left-to-right shunts, a diagnostic curve was obtained where the shunt was between 28 and 40 per cent of the total pulmonary flow.
The ratio of the disappearance to build-up time suggested by Broadbent and Wood (1954) in the diagnosis of left-to-right shunts is not of great practical value as it must surely depend on the volume of blood in the heart chambers quite apart from the presence or absence of a left-to-right shunt. On the other hand one can get a rough idea of the size of the shunt from the angle of the disappearance slope.
A point of practical importance is the comparative ease with which dye, when injected into a chamber of the right side of the heart where there is a septal defect, may be inadvertently propelled across the defect into the left side of the heart and so suggest a right-to-left shunt when none exists.
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LEON RESNEKO V LEON RESNEKO V dye curves clearly show that the drainage pathway of blood from the anomalous pulmonary vein and superior vena cava is the same, namely via the right atrium. We cannot agree with Falholt and Fabricius (1958) that dye dilution curves give disappointing results in congenital heart disease. We feel that it is a useful method of obtaining information that would not be readily available by right heart catheterization alone, but the limitations of the method must be fully realized, otherwise misleading information may be obtained.
SUMMARY
The results of dye dilution curves are presented in 70 patients with congenital heart disease with shunts, all of whom underwent right heart catheterization.
In 10 of the 50 left-to-right shunts, a diagnostic curve was not obtained, and a shunt of at least 40 per cent of the total pulmonary flow is usually required before the curve becomes diagnostic.
In 2 of the 10 examples of right-to-left shunt the curve was technically unreadable. Three other patients had their shunts incorrectly placed, and the reasons for this are discussed.
All 10 examples of bidirectional shunts gave satisfactory curves and accurate localization of the shunt.
The physical properties of Coomassie blue are compared with indocyanine green. Limitations of the dye dilution technique are mentioned and their importance stressed.
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